Abstract The Wisconsin Schizotypy Scales are widely used for assessing schizotypy in nonclinical and clinical samples. However, they were developed using classical test theory (CTT) and have not had their psychometric properties examined with more sophisticated measurement models. The present study employed item response theory (IRT) as well as traditional CTT to examine psychometric properties of four of the schizotypy scales on the item and scale level, using a large sample of undergraduate students (n=6,137). In addition, we investigated differential item functioning (DIF) for sex and ethnicity. The analyses revealed many strengths of the four scales, but some items had low discrimination values and many items had high DIF. The results offer useful guidance for applied users and for future development of these scales.
The present study investigated the psychometric properties of four of the Wisconsin Schizotypy Scales-the Magical Ideation Scale (Eckblad and Chapman 1983) , the Perceptual Aberration Scale (Chapman et al. 1978) , the Revised Social Anhedonia Scale (Chapman et al. 1976; Eckblad et al. 1982) , and the Physical Anhedonia Scale (Chapman et al. 1976) . After reviewing the multidimensional nature and measurement of schizotypy, we discuss past psychometric investigations of these scales. Despite the popularity of the scales, they have rarely been examined using methods other than classical test theory (CTT). To gain insight into the scales' item-level and scale-level features, we conducted a new large-sample analysis involving CTT, item response theory (IRT), and differential item functioning (DIF).
Conceptualization and Measurement of Schizotypy
The neurodevelopmental vulnerability for schizophrenia is expressed across a dynamic continuum of clinical and subclinical characteristics referred to as schizotypy (e.g., Claridge et al. 1996; Meehl 1990 ). Nonpsychotic people with elevated schizotypy exhibit mild and transient forms of the cognitive, emotional, and behavioral features of schizophrenia, and they are at heightened risk for transitioning into schizophrenia-spectrum disorders. Schizotypy (and by extension schizophrenia) is a multidimensional construct (Claridge et al. 1996) . Positive and negative symptom schizotypy are the most consistently replicated factors (Kwapil et al. 2008) . Positive schizotypy and positive symptom schizophrenia are characterized by odd beliefs and unusual perceptual experiences, which in their extreme form manifest as delusions and hallucinations. Negative schizotypy and schizophrenia are charac-terized by deficits such as affective flattening, anhedonia, social disinterest, and diminished cognitive functioning.
Psychometric Assessment of Schizotypy
A number of psychometric inventories have been developed for assessing schizotypy in nonclinical samples. These relatively inexpensive and noninvasive measures can be used to screen large samples. The Chapmans and their collaborators developed a series of self-report, true-false questionnaires, such as the Perceptual Aberration (Chapman et al. 1978) , Magical Ideation (Eckblad and Chapman 1983) , Physical Anhedonia (Chapman et al. 1976) and Revised Social Anhedonia (Eckblad et al. 1982) Scales, referred to here as the Wisconsin Schizotypy Scales (WSS). The four scales are used as a group to capture different aspects of the complex construct of schizotypy, not as competing or interchangeable measurement instruments.
The WSS were developed and revised using Jackson's (1970) recommendations for scale development (prior to the advent or widespread use of IRT and DIF methods). The authors developed formal trait specifications that guided the generation of a large pool of candidate items that were neutral regarding gender, age, and social class (Chapman et al. 1976 ). Items were pretested, and decisions for retaining, deleting, or revising them were made based on their high item-scale correlation and their low correlation with social desirability and acquiescence. A further goal was to retain items that had low endorsement rates, to be consistent with the low base rate of schizotypic characteristics and to avoid tapping normal personality traits. The assumption was that each scale would have its maximum discrimination power on the high end of the trait continuum. The revision process was iterative with successive testing. The items from the final scales typically were intermixed when administered (Chapman et al. 1994) .
The psychometric properties of the WSS within the CTT framework have been described in the original source articles and in subsequent reviews (e.g., Kwapil et al. 2002 Kwapil et al. , 2008 . In brief, research has found good evidence for internal consistency, such as internal-consistency coefficients ranging from .79 to .91 (Winterstein et al. 2010) . In a study of temporal stability, test-retest reliability coefficients (across a period of 2 to 3 months) ranged from .63 to .81, and subsequent generalizability analyses showed that time explained minimal variance (less than 1%) in WSS scores (Winterstein et al. 2010) . Confirmatory factor analyses have provided evidence for the scales' structural validity, particularly the division of the scales into broader positive and negative symptom dimensions (Kwapil et al. 2008) . Evidence for score validity isn't easily summarized, given the extensive use of the scales over the past several decades, but the WSS have been widely used in cross-sectional and longitudinal studies with psychotic patients and psychosisprone subjects (e.g., Barrantes-Vidal et al. 2009 Kaczorowski et al. 2009 ). In longitudinal research, nonpsychotic people with markedly elevated scores on these scales show psychological and physiological deficits similar to those seen in schizophrenia patients and are at heightened risk for developing schizophrenia-spectrum disorders (e.g., Chapman et al. 1994; Gooding et al. 2005 Gooding et al. , 2007 Kwapil 1998) .
Prior Psychometric Evaluations of the WSS
Many studies have evaluated the psychometric properties of the WSS using CTT methods (for a review, see Kwapil et al. 2008) . However, there have been few investigations of the WSS using IRT models. Graves and Weinstein (2004) conducted Rasch analyses of three of the WSS-the Perceptual Aberration, Magical Ideation, and Revised Social Anhedonia Scales-using a sample of 90 college students. For each scale, they found good evidence for unidimensionality and good fit of the data to the Rasch model. Although an important first step, their research has some limitations that motivate the present analyses. First, the study had a relatively small sample size (n=90). Although there aren't firm sample size guidelines for IRT models, a sample size of 90 seems small for providing trustworthy estimates of IRT and CTT parameters. Second, it omitted the Physical Anhedonia Scale, which is an important part of the set of scales. In particular, including the Physical Anhedonia Scale is essential for capturing the broader dimension of negative-symptom schizotypy. Third, their analysis did not consider models beyond the oneparameter Rasch model. A Rasch model is informative, but it seems likely (and was found in the present research) that a two-parameter model will often be better suited for WSS responses.
Finally, Graves and Weinstein (2004) did not examine differential item functioning (DIF) in the WSS, although they indicated that it was an important direction for future work. Exploring DIF in the WSS items is important because past work has found several group differences-such as differences between men and women and differences between racial and ethnic groups (Chmielewski et al. 1995; Kwapil et al. 2002 )-and it is critical to know if these represent true trait differences. Recent generalizability analyses of the scales (Winterstein et al. 2010) hint at the possibility of DIF in many of the WSS items. Those analyses found that significant variance in the WSS scores was associated with item-by-person interactions. Such interactions imply the presence of DIF, but generalizability theory is not equipped to examine item-level DIF.
The Present Research
In the present research, we evaluated the WSS using both CTT and IRT methods. Using both measurement approaches offers a well-rounded perspective on the scales' psychometric properties. We particularly focused on IRT and DIF analyses because they have yet to receive much attention in the assessment of schizotypy. To build upon past work, we used a large sample (n=6,137) and all four of the WSS. Each scale's item-level and scale-level features were evaluated, and we examined DIF for both gender (men and women) and for racial groups (AfricanAmericans and Caucasians).
Method

Participants and Materials
A total of 6,137 University of North Carolina at Greensboro undergraduate students enrolled in General Psychology classes participated in this study. The sample included 4,664 women (76%) and 1,473 men (24%), and 4,529 were Caucasian (74%) and 1,608 were African American (26%). Students completed the Magical Ideation, Perceptual Aberration, Revised Social Anhedonia, and Physical Anhedonia Scales as part of mass screening sessions for course credit. The research was approved by the university's Institutional Review Board.
Measures
All WSS items use a binary true/false response format; "false" responses were scored as 0 and "true" responses were scored as 1. After reverse-scoring, all items are scored in the aberrant direction, so endorsing an item means endorsing a schizotypic belief or experience. The Perceptual Aberration Scale (35 items) assesses deviant and distorted perceptual experiences, such as experiencing parts of one's body as detached or decaying. The Magical Ideation Scale (30 items) assesses beliefs in invalid and unlikely causality, such as mind-reading and extraterrestrial influence. Together, the Perceptual Aberration and Magical Ideation Scales capture positive-symptom schizotypy. The Physical Anhedonia Scale (61 items) assesses diminished pleasure from physical and sensory experiences, such as a lack of pleasure from nature, music, and sexuality. The Revised Social Anhedonia Scale (40 items) assesses social disinterest, such as a lack of interest in forming friendships and close relationships. The Physical Anhedonia and Revised Social Anhedonia Scales capture negativesymptom schizotypy, although the Revised Social Anhedonia Scale has been shown to overlap somewhat with positive-symptom schizotypy (Kwapil et al. 2008; Silvia and Kwapil 2010) .
Statistical Method
The CTT statistics included internal consistency , an estimate of internal consistency for binary data that is equivalent to Cronbach's alpha; DeVellis 2012) for each scale and the difficulty indices (proportion endorsed, or p-values) and discrimination indices (corrected item-total point-biserial correlations) for each item. To determine the appropriate IRT model, we assessed each scale's unidimensionality, considered the necessity of parameters for discrimination and accounting for false positives, and model fit. To determine whether a 1, 2, or 3 parameter model was appropriate, we first assessed if a difficulty parameter and guessing parameter were necessary and then tested for fit of the 3 models. Decisions regarding the discrimination parameter can be made by looking at the point-biserial correlations. If their range is large, then discrimination should be taken into account. To assess if a parameter for false positives (guessing) was appropriate, we investigated if people low on a trait (based on the total score for a scale) endorsed items with high difficulty values. The assumption is that if they did not endorse high-difficulty items, then those items do not require a parameter to consider false positives. We included 50 people with the highest total score and 50 people with the lowest total score per scale; concerning items, we decided to include the ones with difficulty values (in CTT) lower than .10 for the Perceptual Aberration Scale, the Revised Social Anhedonia Scale, and the Physical Anhedonia Scale, and 5 items with the lowest difficulty values for the Magical Ideation Scale. In addition, we checked for fit of the 1, 2, and 3-parameter models using Reise's (1990) dual approach of assessing fit of people and items.
We used BILOG-MG (Zimowski et al. 2003) for each scale to create the test information functions and the related curves for standard errors. We also applied BILOG-MG to estimate item parameters (difficulty and discrimination). Simultaneous item bias test (SIBTEST; Stout and Roussos 1999) was used to investigate DIF in this study. We chose this non-parametric approach because it takes minor factors influencing item responses into account and it assumes only monotonicity. SIBTEST applies a regression correction to take trait differences between people into account. People are separated into bins according to this procedure, with one bin holding people with similar trait levels. Then DIF can be detected by looking at differences in item responses for the reference group and focal group based on the total score. The results indicate which group is favored by an item. Concerning a matching subset of items to test DIF, we chose to pick all items except the one to be tested for DIF.
Because of the large sample size overall, and the considerable sample size of the sex and ethnicity reference groups, we choose to interpret the statistic beta-uni instead of the chi-square or SIB uni z-statistics. Beta-uni can be interpreted as an effect size, and Roussos and Stout (1996) provided some guidelines under the assumption that the items meet statistical rejection: A-level items display negligible DIF and have a beta-uni value<0.059; B-level items display moderate DIF and have a beta-uni value between 0.059 and 0.088; and C-level items display large DIF and have a beta-uni value of 0.088 or greater. Table 1 displays the descriptive statistics. The total score distributions are positively skewed with low means and narrow standard deviations. The skew reflects the expected distribution of the traits, given the assumption that only a small percentage of people are schizotypic. Furthermore, the intercorrelations of the scales are consistent with past work (e.g., Kwapil et al. 2008 ).
Results
Descriptive Statistics for Scales and Scale Correlations
Classical Test Theory
The internal consistency coefficients for the schizotypy scales were all in the mid .80s (see Table 1 ). Tables 2, 3 , 4, and 5 present the psychometric properties of the single items according to CTT, including discrimination (corrected item-total point-biserial correlations) and difficulty values (percent who endorsed the item). The ranges of the item discrimination values were .09 to .65 (M=.48, SD=.13) for the Magical Ideation Scale, .21 to 1.00 (M=.69, SD=.21) for the Perceptual Aberration Scale, .15 to .80 (M=.51, SD=.17) for the Revised Social Anhedonia Scale, and .00 to .76 (M=.40, SD=.14) for the Physical Anhedonia Scale. The Perceptual Aberration Scale seems to differentiate between people high and low on the trait best, which suggests that the scale as a whole is a good indicator of the trait. The Physical Anhedonia Scale was the poorest at differentiating between people. The column labeled "PointBiserial Corr." in Tables 2, 3 , 4, and 5 indicates which items do the best job of discriminating between people high and low on a trait.
The ranges of the difficulty values on the scale level were .07 to .55 (M=.31, SD=.12) for the Magical Ideation Scale, .04 to .42 (M=.17, SD=.11) for the Perceptual Aberration Scale, .04 to .67 (M=.21, SD=.14) for the Revised Social Anhedonia Scale, and .04 to .79 (M=.21, SD=.15) for the Physical Anhedonia Scale. The Perceptual Aberration Scale, the Revised Social Anhedonia Scale, and the Physical Anhedonia Scale include items that measure a broader range of the trait spectrum. This is true to a lesser degree for the Perceptual Aberration Scale, which seems to cover a smaller range.
Item Response Theory
For all four scales, overall results provided evidence for unidimensionality. Conclusions were based on scree plots, eigenvalues, fit indices, and factor loadings. The best fitting IRT model for the scales was the two-parameter IRT model. The guessing parameter was not needed because people low on the traits did not endorse items in a way that indicated schizotypy. Additional evidence for the two-parameter model resulted from the fit for people and fit for items with ZFIT-the least misfit applied for the two-parameter model. Tables 2, 3 , 4, and 5 display the psychometric item properties estimated in the IRT framework. They include discrimination parameters (a-values) and the difficulty parameters (b-values). Items with the highest discrimination values differentiate between people low and high on traits best. The ranges (means and SDs) of the discrimination values on the scale level were .12 to .95 (M=.63, SD=.21) for the Magical Ideation Scale, .21 to 1.66 (M=.96, SD=.36) for the Perceptual Aberration Scale, .17 to 1.15 (M=.67, SD=.27) for the Revised Social Anhedonia Scale, and .05 to 1.39 (M=.53, SD=.25) for the Physical Anhedonia Scale.
The discrimination potential within the IRT framework needs to be interpreted in combination with the difficulty parameters of the scales. The difficulty parameters' ranges (means and SDs) were .27 to 6.10 (M=1.12, SD=1.12) for the Magical Ideation Scale, .30 to 2.32 (M=1.62, SD=.50) for the Perceptual Aberration Scale, -1.10 to 4.87 (M=1.70, SD=.98) for the Revised Social Anhedonia Scale, and −14.82 to 6.21 (M=1.89, SD =2.52) for the Physical Anhedonia Scale. All four scales are most discriminant at the higher end of the trait continuum. At the same time, in combination with the somewhat lower discrimination values, it can be concluded that a wider range of the higher trait continuum is covered for the Magical Ideation Scale, the Revised Social Anhedonia Scale, and especially for the Physical Anhedonia Scale. The Perceptual Aberration Scale, on the other hand, has the highest discrimination potential within a smaller range of the upper part of the trait continuum.
Information functions and standard-error functions provide additional insight into where on the trait scale and over which trait level range each scale currently provides most of the information. The test information maxima are 1.0 for the Magical Ideation Scale, 1.8 for the Perceptual Aberration Scale, 1.8 for the Revised Social Anhedonia Scale, and 2.0 for the Physical Anhedonia Scale. The information is highest around these maxima and hence the standard error is lowest in these trait ranges. At a trait level of about .5, the information is low and the standard error increases considerably. Consistent with the conclusions based on the discrimination parameters and difficulty parameters, the Perceptual Aberration Scale, the Revised Social Anhedonia Scale, and the Physical Anhe- donia Scale measure most precisely at the high ends of the trait continuum, and the Magical Ideation Scale does so to a lesser degree.
Differential Item Functioning
DIF was performed with SIBTEST for sex and ethnicity (Stout and Roussos 1999) . Statistical results (beta-uni as effect sizes) are reported for each scale's items in Tables 2,  3 , 4, and 5; Table 6 summarizes the DIF effects at the scale level. The results indicate that per scale, the following percentages of items display DIF (see Table 6 ): 47% of the Magical Ideation Scale, 23% of the Perceptual Aberration Scale, 48% of the Revised Social Anhedonia Scale, and 60% of the Physical Anhedonia Scale. The scales were differentiated by the percentage of items that fell into the category of moderate DIF (B-level) and high DIF (C-level). Whereas the C-level items for the Magical Ideation Scale and Perceptual Aberration Scale were small-7% and 6% respectively-the Revised Social Anhedonia Scale and the Physical Anhedonia Scale had large percentages of C-level items, 28% and 48%, respectively. Tables 2, 3 , 4, and 5 provide information about which items favor which group -men vs. women and African Americans vs. Caucasians. 
Discussion
This study examined the psychometric properties of the WSS according to CTT, IRT, and DIF. The different measurement frameworks provide results that are consistent with each other. According to CTT and IRT, the Perceptual Aberration Scale does the best job of differentiating between people low and high on the trait, whereas the Physical Anhedonia Scale's potential to differentiate is somewhat lower. The Revised Social Anhedonia Scale and the Magical Ideation Scale are intermediate in that respect. This pattern is also reflected in the reliability coefficients: internal consistency is highest for the Perceptual Aberration Scale and somewhat lower for the other scales. The Physical Anhedonia Scale has acceptable internal consistency, but it has the most items of the four scales. CTT and IRT results also confirm that the Wisconsin Schizotypy Scales concentrate their measurement on the higher end of the trait continuum, which was intended by the original scale developers. When looking at the DIF results, there is overlapping information with CTT and IRT. Items that function differently for groups often also have lower discrimination values. In general, DIF items overall, but especially the ones displaying high DIF, are predominantly in the Revised Social Anhedonia Scale and the Physical Anhedonia Scale. This is in line with previous research that found differences for sex and ethnicity for these scales (Chmielewski et al. 1995; Kwapil et al. 2002) . For each scale, there are items that "favor" men and women, as well as African Americans and Caucasians. Based on these results, we could conclude that the differences for individual items for sex and ethnicity are not real differences in the traits intended to be measured. The consequence of finding DIF for these scales is that the score validity might differ for the subgroups. According to the standards for educational and psychological measurement (AERA, APA, NCME 1999), it would be appropriate to provide evidence for score validity for the different subgroups. In the meantime, we recommend that researchers use different subgroup norms.
This study extends earlier Rasch analyses of the scales by Graves and Weinstein (2004) in several respects. First, our results are based on 6,137 subjects (versus 90 in the Graves and Weinstein study) to increase the stability of the estimates. Second, a two-parameter model was applied versus a Rasch model to accommodate items related to the construct to differing degrees. Third, this study investigated DIF for sex and ethnicity, which Graves and Weinstein suggested future research ought to include. In addition, this study extends a recent generalizability analysis of the Wisconsin scales (Winterstein et al. 2010) . That analysis found several substantial item-by-person interactions, which suggested that some items may mean different things to different subgroups. The present analyses build upon those findings by formally testing for DIF. The results indicated significant DIF in each scale, consistent with the prior analyses. Several limitations of the present work should be noted. Although the sample size was large, the sample consisted of young adults enrolled in a university. College students are within the window of risk for many schizophrenia-spectrum disorders, but as a whole they may have characteristics and protective factors that limit the generalizability of the findings to the population of young adults more broadly. Similarly, Caucasians and 1991; Oxford-Liverpool Inventory of Feelings and Experiences; Mason et al. 1995) . A comparative psychometric evaluation, particularly with regards to DIF, would illuminate the strengths and weaknesses of the WSS.
The present results offer useful information for applied users of the Wisconsin Schizotypy Scales. First, the scales effectively assess the trait range intended by the scale developers-the test information functions peak at the traits' high end. As a consequence, people with high scores are measured more reliably, and people with low scores are measured less reliably. Second, the scales fared well overall, but it is clear that DIF is a serious issue. Some of the scales had substantial percentages of high-DIF items; almost half of the Physical Anhedonia Scale's items, for example, were high-DIF items. The widespread DIF in these scales indicates a need for caution when interpreting sex and ethnic differences that have been found in the literature: such differences may not reflect true trait differences. Taken together, the findings suggest that further psychometric development of the WSS is warranted.
